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The recalcitrant nature of cheap lignocellulose warrants 
pretreatment process to disrupt the lignin matrix and expose the 
carbohydrate fraction to enzymatic saccharification. Generation of 
lignocellulose-derived microbial inhibitory compounds 
(LDMICs) during the pretreatment process undermines large-scale 
utilization of biomass for biofuel (e.g. butanol) production. LDMICs 
are derived from lignin (e.g. vanillin), cellulose (e.g. 5-
hydroxymethylfurfural [HMF]), and hemicellulose (e.g. acetic acid) 
fractions of lignocellulose. These compounds impair butanol 
fermentation by disrupting the growth of butanol-producing 
Clostridium beijerinckii through diverse mechanisms including 
perturbation of redox and energy state of the cell, inhibition of 
glycolytic enzymes, and damage to cell membrane, nucleic acids 
and organelles. Although LDMICs can be removed from 
lignocellulosic biomass hydrolysates (LBH) by physicochemical 
methods, these methods increase the overall butanol production 
cost. Bioabatement, a cost-effective alternative, employs 
microorganisms that selectively metabolize LDMICs in the 
presence of fermentable sugars. In this study, we demonstrate the 
ability of the bacterium, Cupriavidus basilensis ATCC®BAA-699 to 
metabolize pure LDMICs and Miscanthus giganteus biomass 
hydrolysate (MH)-associated LDMICs. Notably, MH was generated 
by dilute-acid (2% H2SO4) pretreatment at 15% biomass solids 
loading in a reactor at 180˚C and 150 psi for 1 h. The hydrolysate 
was then detoxified by C. basilensis prior to enzymatic hydrolysis 
to release fermentable sugars. Acetone-butanol-ethanol (ABE) 
fermentation of C. basilensis-detoxified MH resulted in ~70% 
increase in ABE concentration when compared to the non-
detoxified control. These results underscore the feasibility of 
biological removal of LDMICs from pre-enzyme hydrolyzed LBH 
prior to fermentation to butanol. 
 To detoxify Miscanthus giganteus lignocellulosic biomass hydrolysates (MH) 
using Cupriavidus basilensis ATCC®BAA-699. 
 
 To evaluate the fermentability of detoxified and non-detoxified MH 
hydrolysates. 
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ATP  C. basilensis metabolizes furans and phenolic compounds via the Trudgill pathway, and the 
meta-/ortho-cleavage pathways, respectively 
Figure 3: (a) Concentrations of reducing sugars & cell growth, (b) the profiles 
of furans, and (c, d) concentrations of phenolic compounds - vanillic acid, 
vanillin, syringic acid, p-coumaric acid, syringaldehyde, and ferulic acid - during 
C. basilensis ATCC®BAA 699-assisted detoxification of MH pre-enzyme 
hydrolysis. Furanic aldehydes were first transformed to their less toxic alcohols 
(b), and subsequently converted to furoic acid, and then to α-ketoglutarate, 
an intermediate of the TCA cycle. 
In parallel, phenolic compounds were metabolized via the meta- and ortho-cleavage pathways to keto acids and acetyl 
coA - intermediates of the TCA cycle (Fig. 1C). Sugars were concomitantly utilized (a) along side furfural and HMF (b) by 
C. basilensis. Phenolic compounds in the MH were reduced to more than half their initial concentrations within 12 h (c,d).  
Figure 4: Cell growth and ABE concentration during fermentation of 100%, 80%, and 60% detoxified (tests) and non-
detoxified (controls) MH, to butanol by C. beijerinckii. In all instances, cell growth and [ABE] for test cultures were 
significantly higher (p<0.05) when compared to the controls. Cell growth and [ABE] positively correlate with hydrolysate 
dilution due to decrease in [LDMICs]. Also, inefficient assimilation of acetic and butyric acids were observed for the 
controls, suggesting disruption of transition from acidogenesis to solventogenesis (data not shown). 
We demonstrate for the first time, the use of C. basilensis ATCC® BAA-699 to remove LDMICs from LBH 
and enhance butanol fermentation. 
 
These results substantiate the hypothesis that C. basilensis ATCC® BAA-699, which grows on pure LDMICs 
as sole carbon substrate(s), can be used to detoxify biomass hydrolysates for enhanced butanol fermentation. 
 
Loss of fermentable sugars due to co-utilization of LDMICs and sugars by this bacterium was minimized by 
adopting a bioabatement design wherein pretreated biomass was first detoxified (< 12 h) prior to enzymatic 
hydrolysis. 
 
Pretreatment conditions in which less glucose is generated will further reduce loss of sugars to C. basilensis 
during biological abatement of LDMICs.    
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Figure 1; A: Pretreatment process 
depolymerizes lignocellulose to release 
fermentable sugars and generate LDMICs. 
B: LDMICs are derived from different 
components of lignocellulose. C: Putative 
pathways for degradation of furans, and 
phenolic compounds in C. basilensis. D: 
Comparison of physicochemical and 
biological detoxification methods.  
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